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Abstract 
Diabetes is a silent disease. It is the 8th most common cause of death that does not hurt until it is too late and the disease has 
developed. Technology plays a vital role in managing diabetes and educating patients about importance of the treatment. The 
patient must be able to manage his blood glucose level. However, blood glucose level is measured sporadically as it causes 
important discomfort to the patient. Measuring glucose level in subcutaneous tissue is minimally invasive technique and thus 
considerably comfortable, but this level may be different from blood glucose level. We implemented a recently proposed method 
of blood glucose level calculation from the continuously measured subcutaneous tissue glucose level. Then, we developed a web 
portal that makes this method accessible to any doctor’s office and any diabetic patient. To the best of our knowledge, we are the 
very first web portal that does this. In this paper, we describe the portal. 
© 2016 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Diabetes is a widespread civilization disease. Specifically, it is a heterogeneous group of diseases, which are 
characterized by elevated blood glucose level. Elevated blood glucose level chronically damages internal organs, and 
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eventually may lead to death. Diabetes is the 8th most common cause of death according to WHO fact sheet N°310. 
In addition, diabetes is a silent disease that does not hurt nor manifests itself until it is too late and the disease has 
developed. Approximately, 20% of diabetic patients need to dose insulin to manage their blood glucose level. 
Especially, type-1 diabetic patients would die shortly without it. In such a patient, autoimmune reaction has 
destroyed beta-cells of pancreas, which produce insulin. 
Glucose is primary source of energy for cells of living animals. Glucose and lipids are energy stores for the body. 
Fructose, glucose and galactose are final products of carbohydrate digestion, whereas glucose has circa 80% share of 
these. Once absorbed from the intestinal tract, liver rapidly converts fructose and galactose into glucose1. Liver cells 
store excessive glucose as a glycogen. Glycogen is a multi-branched polysaccharide of glucose. It serves as a 
secondary, long-term energy storage. When blood glucose level is low, liver breaks glycogen down into glucose. 
Then, glucose gets from liver cells into blood. Most cells are capable of storing at least some glycogen. Most 
notably, glycogen is stored in liver cells (5-8% of their weight) and muscle cells (1-3% of weight)1. However, brain 
cannot synthetize nor store glucose for more than a few minutes supply. It is dependent on continuous supply of 
glucose from blood2. Therefore, we are concerned about the blood glucose level. Simply speaking, we cannot care 
about the patient in the long-run, if we cannot prevent an acute risk of death, e.g., due to hypo- or hyperglycemic 
shock, or a clinically silent diabetic autonomic neuropathy. 
There are two major ways to treat type-1 diabetic patients. The first one is a transplantation of beta cells, which is 
still without a widespread clinical use. The second way is to use technology to dose insulin artificially. Each insulin 
dose must correspond with current blood glucose level. Otherwise it could kill the patient. Nevertheless, the patients 
are reluctant to frequently monitor their blood glucose levels as this requires an unpleasant finger stick to draw a 
drop of blood3,4. A motivated patient draws approximately five blood drops a day5. A common patient, however, 
draws only two or three drops of blood a day6. Therefore, another technology emerged to allow the patient to 
monitor glucose level continuously: continuous glucose monitoring system (CGMS). 
CGMS comprises a sensor installed in abdominal subcutaneous tissue and a receiver that collects glucose levels, 
which the sensor measures. It is a minimally invasive technique. It has the requested temporal resolution to substitute 
blood glucose level measuring, but still lacks of precision and accuracy7. While CGMS solves the problem of 
sporadic blood glucose level measurements, it does not replace them. Inpatient and outpatient studies rely on blood 
glucose levels4. Frequent and  accurate  reference  blood glucose level is  key  for  modeling  and  computing  
outcome  metrics  in  clinical  trials  but  difficult,  invasive, and costly to collect7. Therefore, we are motivated to 
calculate continuous blood glucose level from CGMS measured glucose levels. 
We have already developed a model of glucose dynamics that requires only minimal input data5-13. Then, we 
faced another, innovative issue that we address in this paper - how do we get this model from academy to physicians 
and diabetics? How do we make the model available in doctor’s office? We chose to develop a web portal, where the 
physician and patient can upload glucose levels of subcutaneous tissue and the portal will calculate a continuous 
curve of blood glucose level. Then, everyone can access the portal independently on a particular system of 
continuous glucose monitoring.  
In addition, let us stress the potential to educate the patient about importance of continuous glucose monitoring. 
By showing blood and interstitial fluid glucose levels together, the patient will see how amount of food and its 
composition, duration and intensity of physical activity, insulin dosage and delay of insulin actions affect his glucose 
levels. To live a relatively normal life with diabetes, it requires a will to do so and a minimal degree of intelligence 
to handle all these factors. Anything that helps the patient to manage his blood glucose level easier also prolongs his 
life. Such a thing is to give the patient a portal to study his glucose levels in the comfort of home, to realize all the 
complex feedback that affects quality of his life. 
2. Related Work 
Recently, many software solutions were released to assist diabetic patients with the treatment of their chronic 
illness. The common idea is to collect as much information as possible about patient’s immediate health condition. 
Typically, it includes current blood glucose level, exercise track, diet, etc. Based on these information, it could 
automatically alert the patient if the current condition gets worse; e.g., hypoglycemia or hyperglycemia. Then, a 
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physician may use these information to personalize treatment of that particular patient, i.e., these solutions are key 
tools of personalized medicine.  
By using a common web browser or specialized Android application, Lifebringer (http://www.lifebringer.com/) 
allows the registered patients to manually enter their current blood glucose level and optionally a note regarding the 
measurement context; e.g., if it was done before or after meal or shortly after waking up. The application 
automatically assesses the entered value, updates the daily average, estimates trend of glycated hemoglobin, and 
provides the user with information whether the diabetes is under control. This information is provided in both textual 
and graphical form. Lifebringer sends emails to patients to remind them the next measurement, e.g.; 5 minutes 
before a scheduled measurement.   
SugarStats (https://sugarstats.com/) and CareLogger (https://carelogger.com) are two online tools, which are 
accessible via a web browser. Unlike Lifebringer, they lack any reminding feature but offer another features. 
SugerStats has integrated community forum and offers a sharing of collected data in the community, which allows 
the patient to discuss their illness and treatment with others. CareLogger collects blood pressure, weight, and the 
length of exercise, which is especially important for the patient-specific treatment of diabetes type-2. 
DiabetEASE (http://www.diabetease.com/) is another web portal. It let the registered users to manually enter 
insulin dosage along blood glucose levels. In comparison to the previously described tools, there is an advantage of 
uploading data directly from blood glucose meter. It simplifies the collection process and reduces errors caused by 
human factors. For example, a patient who has ignored diet recommendation might deliberately log a slightly 
different blood glucose level to avoid troubles.  
Probably the most popular and also most advanced software solution is Diasend (https://www.diasend.com/). To 
registered users, it offers a desktop application for Windows and Mac to upload the data collected by their blood 
glucose meters, CGMS, and insulin pumps. The application uploads the data on Diasend’s web portal. The portal 
consolidates the uploaded data and produces a single report. The report prints glucose level plot and a statistical 
analysis so that patterns and trends could be identified. Disasend users can share their reports with up to two health 
centers. Besides the fact that Diasend supports dozens of devices of various brand, another pro is that it is localized 
into several languages including French, German, Spanish, Italian, Swedish and Czech. 
To the best of our knowledge, there is no available tool that calculates blood glucose level from CGMS-measured 
glucose levels. Patient measures blood glucose level sporadically. As a result, there are several-hours long gaps 
between blood glucose level readings, for which the physician does not know the blood glucose level. Let us stress 
yet again that blood glucose level cannot be always intuitively restored from CGMS-measured glucose level. 
There are tools that simply connects the discrete values of blood glucose levels (e.g., CareLogger, DiabetEASE, 
and Diasend) or best fits these values with a polynomial smooth curve (e.g., DiabetEASE). Such an approximation is 
typically erroneous and may lead to misinterpretation of the current health condition of a patient as the number of 
blood samples per one day is severely limited.  
None of the solutions tested is open so that we could not integrate a module into these tools. Such a module 
would implement our model of glucose dynamics to reconstruct a continuous curve of blood glucose level. To 
provide the patients and physicians with a tool that could display continuous blood glucose curve, which was 
calculated from the continuously measured glucose level of subcutaneous tissue, we had to resort to the development 
of our software solution, which we describe in the following sections. 
3. Web Portal 
There is an absence of a solution that enables an advanced analysis of blood glucose level. This motivated us to 
design a Glucose Web Portal. With such a portal, we aim to serve a large community of physicians, patients, 
researchers, and general public. This portal should allow to upload data from a large collection of devices and 
process them by an accurate method that combines data from both CGMS and blood glucose levels. Then, 
calculated continuous curve of blood glucose level will be visualized. 
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3.1. Architecture and Implementation 
The system’s purpose is to serve not only as a local tool but to serve as a system that manages and processes 
large collection of data from a potentially large group of users. Because a CGMS device produces hundreds records 
a day, there is a need to provide sufficient performance and flexibility of the system. Determining parameters of the 
model of glucose dynamics is a computationally intensive task. As a solution, we decided to profit from a 
combination of C++11 and Java EE technologies. The calculation methods are implemented with C++11 to ensure 
sufficient performance. Java EE enables us to implement a flexible and sustainable web interface. The C++ part 
strictly follows the Resource Acquisition Is Initialization principle14, while referring to the coding rules of F-35 Joint 
Strike Fighter Coding Standard documentation15 – a specification for the development of hard-real time system, 
where a failure may lead to death. 
The Java part of the portal is based on layered architecture. Data are stored in PostgreSQL database and they are 
mapped to a persistence layer that is provided by the Hibernate framework. Users access the portal with a common 
web browser. User-interface facilitates a usage of the portal for a non-experienced user. Presentation layer 
technologies such as HTML5, CSS3 and Ajax are operated by the Wicket framework. It makes the user interface 
modern and enjoyable to the user. Moreover, popularity of Wicket in the bio domain16-18 ensures sustainability and 
compatibility with similar tools.  
As measured glucose levels can come in various data formats, we implemented a set of data parsers to process 
the most commonly used data formats (e.g., Diasend and Medtronic export file formats). These parsers were built as 
a single library and integrated in the application layer of the system. As needed, additional file formats can be 
integrated easily into the system. 
Figure 1 depicts architecture of the portal.  
 
 
Fig. 1. System architecture of the portal. 
232   Tomas Koutny et al. /  Procedia Computer Science  98 ( 2016 )  228 – 235 
3.2. System Security 
The system runs on our own, secured server. The data are stored under a user profile that is secured with user 
credentials. If a user does not wish to create an account, he can still use the portal with an anonymous data upload. 
Then, user credentials are not required. However, such a user cannot browse the uploaded data later. The uploaded 
files often contain personal data such as given name and surname. To ensure privacy of the stored data, we 
anonymize them by our own Data Anonymizer19 before they are stored in the database. 
From the implementation point of view, the Spring security framework provides an authorized access to the 
system. A websocket connects computational core (the farmer-workers part) with the user part of the portal. The 
websocket communicates through a secured channel only. To further strengthen the security, the computational core 
can run physically distributed from the machine that hosts user-interface of the portal and data. 
 
4. Computational Core 
Accordingly to Figure 1, the farmer component is responsible for determining model parameters so that a user 
can display a continuous curve of calculated blood glucose level. As determining the model parameters is 
computationally intensive task, the farmer further manages a pool of workers. The worker actually determines the 
parameters in a distributed manner. Each worker can be physically distributed in an internal network that is not 
accessible from the Internet due to security reasons. In designing the farmer-work part of the portal, we utilized the 
lessons learned in our previous research on high-performance distributed computing20-22. 
The farmer maintains two queues. Specifically, these are waiting queue and working queue. On receiving a 
command through the secure websocket channel, the farmer counts up sizes of both queues. If the sum is greater 
than a predefined threshold, the farmer immediately replies with “queue full” message and discards the received 
command. By using two queues, the farmer protects itself and the workers from a possible overload and denial of 
service attack. 
If the queues are not full, the farmer transforms the command into an internal task. Then, it moves the task to the 
waiting queue. This queue is processed in a dedicated thread. Another thread manages the working queue. It fetches 
tasks from the waiting queue as long as the size of the working queue is below a specific threshold. 
Let us illustrate the relationship of both queues with an example. On the startup, both queues are empty. Through 
the portal, a user uploads new glucose level time series. These glucose series are parsed and stored in the database. 
Then, the farmer receives a command to determine parameters of the model of glucose dynamics. The command 
gets transformed into a task and the task is added into the waiting queue. This queue signals its change to the 
working queue. The working queue fetches the task, thus removing it from the waiting queue. An available worker 
takes ownership of the task and processes it. On finishing the task, the farmer retakes the ownership and sends 
appropriate response through the websocket channel. Then, it removes the task from the working queue. Now, the 
web portal draws the calculated blood glucose level. 
The worker determines parameters of model of glucose dynamics that we already described in studies5-13. A brief 
description of the model follows: glucose is transported across capillary wall into interstitial fluid. This fluid bathes 
cells of various organs and supplies them with nutrients such as glucose. It also bathes cells of the abdominal 
subcutaneous tissue, where the CGMS sensor is installed. These cells utilizes part of the glucose that was supplied 
from blood. The other part of glucose eventually leaves the compartment and returns to blood. To simplify the 
relationship, let us conclude that the difference between glucose diffusion rate through capillary wall and glucose 
utilization rate infers the current interstitial fluid glucose level. As this relates blood glucose level with interstitial 
fluid glucose level, our model expresses the blood glucose level so that we can calculate its continuous curve from a 
continuous curve of interstitial fluid glucose level that is measured by CGMS. 
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5. Discussion 
The web portal is currently available in two languages: Czech and English. It contains various information 
regarding diabetes for general public, e.g., for relatives of a diabetic patient, explaining what diabetes is, how it can 
be treated, and the reasons why it is important to manage the blood glucose level to keep it in the target range, and 
how our portal can help with this. Any user can upload his data, and the portal processes the data to display the 
continuous curve of blood glucose level for every time frame stored in the uploaded data. To keep the track of the 
disease development, i.e., to compare recent results with previous results, the user must be registered and logged-in 
for the data uploading. It is free. 
Once the data are uploaded, the user can check the state of data processing in his profile. The system 
distinguishes four states: still waiting for the processing, being processed, processed, and corrupted. According to 
our experiments, the uploaded, yet waiting data are usually processed in a few seconds. Nevertheless, if the server is 
highly loaded by a number of other users, the processing could take longer. Considering the architecture of the 
portal and the expected number of requests per hour, we are confident that it should be within one or two minutes. In 
such a case, the user may be impatient to wait. This is not a problem: the user may leave the system and come back 
when the data are processed. Registered user is notified by e-mail. 
If the uploaded data could not be processed because of a broken file or an unsupported file format, they are 
marked to be in the corrupted state. Otherwise, they are eventually marked to be in the processed state and the 
results of the processing are available for the user to display. 
Figure 2 depicts a start of the anonymous upload. Figure 3 depicts a list of calculated blood glucose levels. Each 
item in the list corresponds with one time-frame, when the diabetic patient wore the CGMS. Figure 4 depicts one of 
the calculated blood glucose levels in detail. 
The portal is being evaluated at the 1st Department of Clinic Medicine, Teaching Hospital and Medical School in 
Pilsen, Charles University in Prague, Czech Republic, who finds it valuable, and by a couple of individual registered 
users. We hope to attract more users in the near future (the portal has been officially launched just recently) due to 
various dissemination activities, including publication of this paper. 
Fig. 2. Step 1 - beginning the anonymous upload. The portal is accessed with a common web browser. 
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Fig. 3. Step 2 – getting a list of calculated blood glucose levels. 
 
Fig. 4. Step 3 - displaying a particular calculated blood glucose level. 
6. Conclusion and Future Work 
In this paper, we presented a web portal that calculates a continuous curve of blood glucose level. To our best 
knowledge, we are running the very first portal that offers such a functionality. The portal is open to physicians and 
patients, both of which can upload data exported from CGMS. Using the portal, the diabetes community can test and 
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provide feedback about the implemented model. Any physician can use the portal to educate the patient about the 
importance of continuous glucose monitoring. With the introduced web portal, our method can reach any doctor’s 
office thanks to the Internet. The portal is available at https://diabetes.zcu.cz. 
The expected feedback from the diabetes community will drive the following development of the portal and the 
method of blood glucose level calculation.  
When compared to proprietary software of particular sensors, we offer a universal solution for all sensors. In 
addition, the data are ready for a subsequent research and applications as the data are anonymized. For example, we 
would like to stimulate a research on links of glucose profiles to other diseases, which manifest with a metabolic 
syndrome. 
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